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Background and objectives: Controversy exists about the optimal imaging technique in acute stroke. It was
hypothesised that CT is comparable with DWI, when both are read systematically using quantitative
scoring.
Methods: Ischaemic stroke patients who had CT within six hours and DWI within seven hours of onset were
included. Five readers used a quantitative scoring system (ASPECTS) to read the baseline (b) and follow up
CT and DWI. Use of MRI in acute stroke was also assessed in patients treated with tissue plasminogen
activator (tPA) by prospectively recording reasons for exclusion. Patients were followed clinically at three
months.
Results: bDWI and bCT were available for 100 consecutive patients (admission median NIHSS=9). The
mean bDWI and bCT ASPECTS were positively related (p,0.001). The level of interrater agreement
ranged from good to excellent across all modalities and time periods. Bland–Altman plots showed more
variability between bCT and bDWI than at 24 hours. The difference between bCT and bDWI was (2
ASPECTS points. Of bCT scans with ASPECTS 8–10, 81% had DWI ASPECTS 8–10. Patients with bCT
ASPECTS of 8–10 were 1.9 times more likely to have a favourable outcome at 90 days than those with a
score of 0–7 (95% CI 1.1 to 3.1, p = 0.002). The relative likelihood of favourable outcome with a bDWI
ASPECTS 8–10 was 1.4 (95% CI 1.0 to 1.9, p = 0.10). Of patients receiving tPA 45% had
contraindications to urgent MRI.
Conclusion: The differences between CT and DWI in visualising early infarction are small when using
ASPECTS. CT is faster and more accessible than MRI, and therefore is the better neuroimaging modality for
the treatment of acute stroke.

T
issue plasminogen activator (tPA) when administered for
acute ischaemic stroke produces improved outcome,1 and
benefit may exist within a treatment window as long as

six hours.2 3 However, a small proportion of patients are
harmed by symptomatic intracerebral haemorrhage, and
more importantly, a large number of patients still have a
functionally dependent outcome despite treatment. The
importance of early ischaemic changes (EIC) on computed
tomography (CT) have been underappreciated until recently,
but there is accumulating evidence that EIC on CT prior to
the administration of acute stroke therapies can predict both
functional outcome and the risk of intracerebral haemor-
rhage.4–6 Recent advances in neuroimaging, particularly
diffusion-weighted imaging (DWI) and perfusion magnetic
resonance imaging (MRI), have raised hopes about accurate
identification of ischaemic tissue and the ability to discrimi-
nate between dead and salvageable ischaemic brain. It is
considered that acute ischaemic lesions in DWI can be
identified with greater sensitivity than in either conventional
MRI or CT.7–10 The technical superiority of DWI (and
perfusion images) has been widely acclaimed, resulting in
an enthusiasm to implement MR DWI as the principal
imaging modality for acute ischaemic stroke.11 12 It is likely
that neuroimaging of the brain during acute stroke with
either CT or DWI may tell us about irreversible brain injury,
and therefore may be important in defining a response to
therapy. Demonstration of the superiority of DWI and
perfusion imaging over and above that of conventional

imaging techniques such as CT is needed including an
assessment of whether these new techniques will affect
current clinical management of acute ischaemic stroke.13–15

The objectives of our study were:

N to compare CT to DWI in acute disabling ischaemic stroke
within six hours of symptom onset in detecting early signs
of cerebral ischaemia using the Alberta Stroke Programme
Early Computed Tomography Score (ASPECTS)6

N to determine the prognostic value of each imaging
technique in predicting outcome

N to determine the feasibility of performing these techniques
in acute stroke.

We hypothesised that the extent of early signs of infarction
detectable by CT (both parenchymal hypoattenuation and
brain swelling) is equivalent to the extent of the DWI
hyperintense signal (representing the restricted diffusion of
water) when quantified by ASPECTS, using standardised CT
and MR scanning protocols.

Abbreviations: ASPECTS, Alberta Stroke Programme Early Computed
Tomography Score; CT, computed tomography; DWI, diffusion-
weighted imaging; EIC, early ischaemic changes; FLAIR, fluid attenuated
inversion recovery; MRA, magnetic resonance angiography; MRI,
magnetic resonance imaging; mRS, modified Rankin scale; NIHSS,
National Institutes of Health Stroke Scale; tPA, tissue plasminogen
activator
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PATIENTS AND METHODS
Patients
We recruited patients for this study between October 1999
and July 2001. The principal inclusion criterion for the study
was acute disabling ischaemic stroke (National Institutes of
Health Stroke Scale (NIHSS) score equal or greater than 1),
measured by the NIHSS score within six hours of onset of
stroke. We documented the admission NIHSS and enrolled
patients if they deteriorated neurologically and fulfilled the
inclusion criteria. We included all stroke subtypes (that is,
large artery cortical strokes as well as posterior circulation
and lacunar strokes). Patients were not excluded on the basis
of age alone. All patients sequentially had a CT brain scan
within six hours of the onset of stroke followed by an MRI
within 7 hours of onset. The rationale for this inclusion
criterion was that there is convincing evidence from meta-
analyses including tPA trial data that the therapy is beneficial
for acute ischaemic stroke as long as six hours from the onset
of symptoms2 3 when the CT scan excludes haemorrhage. An
additional hour was allowed in such patients to organise the
MRI. Some patients who met accepted criteria were treated
with intravenous thrombolysis and the ensuing MRI was
performed while the tPA infusion was running. No attempt
was made to randomise patients to CT or MRI as the initial
imaging technique because CT is considered to be the
standard imaging modality among patients being considered
for tPA, and to avoid unnecessary treatment delays. We
collected all information prospectively, including the demo-
graphic characteristics, NIHSS score on initial presentation,
time of symptom onset and time at each imaging procedure,
and functional outcome at three months assessed by the
modified Rankin scale (mRS). An experienced stroke
neurologist assessed the patients at presentation. A nurse
practitioner blinded to admission and imaging details
administered the mRS. We defined favourable outcome as
independence (mRS 0–2). The data include all patients in a
previously published article,16 and are inclusive of 100 of 106
patients reported in another.17 Follow up imaging with either
CT or MRI or both was performed at 24 hours.

Imaging protocol
During the study period we attempted to image all patients
who were treated with thrombolysis with both modalities.
However, we did not routinely sedate patients or perform
MRI under general anaesthesia, primarily because we did not
want to lose the ability to perform a neurological assessment.
Uncooperative or medically unstable patients were therefore
excluded from MRI. The feasibility of using MRI for acute
stroke imaging was assessed in consecutive patients treated
with tPA by prospectively recording successfully completed
sequences and the reasons for exclusion.
All CT scans were performed on fourth generation scanners

and were considered to be optimal quality according to a
standard CT scan protocol (5 mm slice thickness without
contrast enhancement, 120 kV, 180 mA at 2 s, contrast
favoured algorithm, inferior orbitomeatal baseline, filmed at
appropriate window width and level setting of 80/40 HU).
MRI was performed on a 3 T scanner (General Electric

Medical Systems, Waukesha, WI) equipped with a standard
head quadrature imaging coil and high speed gradients. The
rationale for using 3 T MRI rather than 1.5 T MRI is that the
former has better signal to noise ratio.18 The MR scanner used
in this study is a dedicated system that is available for the
urgent imaging of acute stroke patients 24 hours a day, and
lies within close proximity of the emergency department. The
imaging sequences included sagittal T1-weighted and axial
DWI, fluid attenuated inversion recovery (FLAIR) and axial
multislab three dimensional time-of-flight magnetic reso-
nance angiography (MRA), and perfusion imaging. Only the

DWI and FLAIR sequences were assessed in this study. The
isotropic diffusion-weighted images were obtained using a
single shot echo-planar imaging (b=1000 s/mm2 19–5 mm
thick slices).

Image reading protocol
Each of five readers blinded to all clinical and patient
information apart from side of stroke symptoms indepen-
dently read each patient’s set of images. The rationale for this
was to make the imaging interpretation more clinically
relevant. The readers were two ‘‘expert’’ neuroradiology
raters and three stroke neurologists. Each set of images was
read in isolation and independent of another sequence and
technique. The sequence of reading had a specific order:
baseline CT, FLAIR, and DWI followed by the follow up CT
scan, FLAIR, and DWI. There was a minimum period of one
week between readings of images from the same patient.
Each baseline and follow up axial CT or MRI was assessed

for ischaemic change and quantified using ASPECTS.6 19 The
ASPECTS regions were idealised from two standardised axial
cuts, but in practice each reader reviewed the entire sequence
of slices to determine the score. The middle cerebral artery
territory was allotted 10 points. A single point was subtracted
for an area of EIC on CT,4 5 which included any or all of
parenchymal hypoattenuation, loss of grey–white differentia-
tion, and focal brain swelling. Parenchymal hypoattenuation
was defined as a region of abnormally decreased attenuation
of brain structures relative to attenuation of other parts of the
same structures or of the contralateral hemisphere. We
defined focal brain swelling as any focal narrowing of the
cerebrospinal fluid space due to compression by adjacent
brain structures producing effacement of the cortical sulci or
ventricular compression. For FLAIR and DWI sequences,
focal ischaemia was defined by hyperintense signal.
ASPECTS methodology was applied to the MRI sequences
in an analogous topographical technique as used for CT. A CT
or MRI scan without involvement of these areas received an
ASPECTS score of 10 points. A score of 0 indicated complete
ischaemic involvement throughout the middle cerebral artery
territory. All CT and MRI scans were included in the analysis
irrespective of stroke vascular stroke territory involved. For
instance, a stroke isolated to the brainstem or cerebellum
would be given an ASPECTS of 10.

Statistical analysis
The unit of analysis for comparing CT with DWI was the
median of the five readers’ assessment of a patient’s image.
The median was chosen to represent a consensus measure of
a patient’s ASPECTS for a particular modality. Intermodality
agreement (among CT, DWI, and FLAIR) was estimated
using an intraclass correlation coefficient from a random
effects analysis of variance model.20 Estimates of interrater
agreement, using the single reading as the unit of analysis,
were calculated from a two-way mixed effects analysis of
variance (modality was the fixed effect and rater was the
random effect).21 Levels of clinical significance for agreement
were defined according to the criteria: .0.75 as excellent,
0.40–0.75 as fair to good, and ,0.40 as poor.20 A Bland–
Altman plot was used to illustrate the magnitude of
differences between baseline CT and DWI ASPECTS, and
between 24 h CT and DWI ASPECTS.22 Using median scores
for each patient and assuming DWI as the reference test the
sensitivity and specificity of the baseline CT ASPECTS is
presented using a cut-off value of ASPECTS .7 versus
ASPECTS (7 as has been described previously.6 In addition,
the sensitivity and specificity of each individual baseline CT
ASPECTS point is presented by considering the baseline DWI
ASPECTS as the gold standard using the median score of the
five readers at each ASPECTS point (which yields at
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minimum a 3 of 5 consensus at each point). Rate ratios (RR)
were used to quantify the relation between the dichotomised
baseline ASPECTS (categorised as 0–7 v 8–10) and favourable
patient outcome at 90 days. The chosen ASPECTS cut-points
have been previously used for acute ischaemic stroke
patients.6 Exact methods were used where appropriate at
conventional levels of statistical significance (a=0.05).

RESULTS
We enrolled 100 consecutive patients into the study (69%
men, mean (SD) age 68 (13.9) years). The admission median
NIHSS was 9 (interquartile range 3–16, range 0–32). Two
patients were neurologically normal on admission
(NIHSS=0), but both deteriorated neurologically prior to
imaging (NIHSS 7 and 19). The mean time from symptom
onset to CT was 117 (70) minutes compared with 219
(80) minutes to initiating MRI (mean difference of 102
(51) minutes, p,0.001). A total of 82 patients had CT scans
within three hours of the onset of symptoms, of which 42
also had an MRI within the same period. All patients had
follow up imaging at 24 hours (80 patients had MRI, 71
patients had CT, and 56 had both). Thirty nine patients
received tPA: 33 patients received intravenous tPA alone, and
six received a combined approach of intravenous tPA
followed by intra-arterial thrombolysis into the angiographi-
cally defined thrombus.23 There were nine deaths, of which
two were due to tPA related fatal intracerebral haemorrhage.
At three months 61% of the patients were independent (mRS
0–2) (two patients were lost to follow-up at three months).
The median baseline CT ASPECTS was 9, and the median

baseline DWI ASPECTS was 8. Early CT ischaemic change
was found in 66% of the patients (95% confidence interval
(CI) 56 to 75), and areas of hyperintense signal were
identified in 81% of the DWI scans (95% CI 72 to 88). Six
patients (6%) had evidence of posterior circulation ischaemia
on baseline DWI with or without coincident anterior
circulation stroke.
The level of interrater agreement ranged from good to

excellent across all modalities and time periods (table 1). The
level of agreement between FLAIR and both CT and DWI was
poor at baseline, but reached excellent at 24 hours. Only the
level of agreement between CT and DWI was consistently
excellent at baseline and at 24 hours. The time interval
between baseline CT and DWI scans did not affect the level of
agreement: r=0.80, n=71, 95% CI 0.71 to 1 when the time
interval was(120 minutes; and r=0.81, n=29, 95% CI 0.67
to 1 when the time interval was .120 minutes. The mean
baseline DWI ASPECTS was positively related to the baseline
CT ASPECTS (p,0.001, fig 1). The linear relationship
between the baseline CT ASPECTS and DWI ASPECTS
(b=0.82 (95% CI 0.73–0.92)) also applied to: follow up CT
predicts follow up DWI (b=0.95 95% CI 0.85–1.04); follow
up FLAIR versus follow up DWI (b=0.99, 95% CI 0.92–1.07);
follow up CT predicts follow up FLAIR (b=0.90 95% CI
0.80–1.0).

The Bland–Altman plots showed more variability between
CT and DWI at baseline (fig 2A) than at 24 hours (fig 2B).
The difference between CT and DWI at baseline was no
greater than 2 ASPECTS points. The sensitivity and specificity
of the baseline CT ASPECTS using baseline DWI ASPECTS as
the reference test is presented in table 2, and for each
individual ASPECTS point in table 3. These figures can be
compared with baseline CT ASPECTS and follow up CT
ASPECTS (n=71) as a reference for irreversible tissue injury
(sensitivity 91; specificity 71). We would recommend caution
in the interpretation of the latter as EIC consisting solely of
swelling without either loss of grey–white differentiation or
parenchymal hypoattenuation may not represent irreversible
tissue injury. There were 34 patients with baseline CT
ASPECTS score of 10. Of these, 18 had baseline DWI
ASPECTS score of 10. The baseline DWI was less than 10 in
16: ASPECTS 9 (n=8); ASPECTS 8 (n=6); ASPECTS 7
(n=2). Baseline DWI was therefore abnormal in 47% (95%
CI 30 to 65) of this select group.
Patients with a baseline CT ASPECTS of 8–10 were 1.9

times more likely to have a favourable outcome at 90 days
than those with a score of 0–7 (95% CI 1.1 to 3.1, p=0.002).
The relative likelihood of favourable outcome was less with a
baseline DWI ASPECTS of 8–10 (RR 1.4, 95% CI 1.0 to 1.9,
p=0.10).
Of 112 patients who were treated with tPA during the

study period, 39 patients (34.8%) were enrolled into the
present study. Fifty patients (45% of the 112) had contra-
indications to urgent MRI, a very similar figure to a recent
report24: 26 (23.2%) were medically unstable and unsafe for
MRI (reduced level of consciousness, vomiting, cardiac
arrhythmia, aspiration) despite our ability to monitor blood

Table 1 Estimates of intermodality and interrater agreement

Modality
Intermodality
agreement (95% CI)

Intermodality
clinical
significance

Interrater agreement
(95% CI)

Interrater
clinical
significance

Baseline CT v baseline DWI 0.80 (0.73 to 1) Excellent 0.80 (0.74 to 1) Excellent
Baseline CT v baseline FLAIR 0.06 (0.00 to 1) Poor 0.66 (0.48 to 1) Good
Baseline DWI v baseline FLAIR 0.00 (0.00 to 1) Poor 0.68 (0.51 to 1) Good
24 h CT v 24 h DWI 0.88 (0.83 to 1) Excellent 0.88 (0.85 to 1) Excellent
24 h CT v 24 h FLAIR 0.88 (0.83 to 1) Excellent 0.88 (0.84 to 1) Excellent
24 h DWI v 24 h FLAIR 0.91 (0.88 to 1) Excellent 0.91 (0.89 to 1) Excellent

95% confidence intervals (CI) are one-sided.
CT, computed tomography; DWI, diffusion-weighted imaging; FLAIR, fluid attenuated inversion recovery.
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Figure 1 The whisker plot shows the positive relation between baseline
DWI (bDWI) and CT (bCT) ASPECTS The numbers in parentheses on the
x-axis represent the number of patients with a median bCT ASPECTS at
that score.
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pressure, pulse oximetry; 14 (12.5%) patients were too
restless to cooperate with imaging; 10 (8.9%) had MRI
exclusions (pacemakers, cardiac prostheses). The remaining
23 (20.5%) either did not meet the time restrictions of the
study or were not imaged because of unavailability or
servicing of the MR scanner.

DISCUSSION
Our study shows that CT and DWI are comparable for
detecting and quantifying signs of cerebral ischaemia in
acute disabling stroke when they are of good quality and are
assessed systemically using ASPECTS. However, this does not
imply the two modalities are equivalent. ASPECTS values
were lower for diffusion MR images implying that DWI is
more sensitive than CT at detecting ischaemic tissue changes.
Analogous to CT stroke lesion quantification, ASPECTS
provides a reliable and novel method of assessing the DWI
stroke lesion, despite differences in the image contrast
mechanisms. There is a positive relation between the CT
ASPECTS and the DWI ASPECTS—that is, CT predicts the
DWI lesion performed at a later time point (fig 1). DWI was
performed on average 102 minutes after CT and may have
accounted for some of the differences in ASPECTS values,
although statistically we were not able to demonstrate that
time was a confounder.
The interobserver reliability was very good between the

neuroradiologists and stroke neurologists and suggests that
the application of ASPECTS in acute stroke can be general-
ised. It has been previously shown that radiology trainees
and prospective non-expert assessment of the CT at the
bedside can obtain very good interobserver reliability
using ASPECTS.6 25 However, despite excellent intermodality
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Figure 2 (A) Bland–Altman plot of baseline DWI (bDWI) and CT (bCT)
ASPECTS. The mean ASPECTS difference between the two modalities
was +0.43 indicating that slightly more ischaemic change is observed on
average in DWI scans. Random jitter has been added to illustrate the
number of measurements at each ASPECTS point. The horizontal lines
represent the mean difference in scores and the mean (SD). (B) Bland–
Altman plot of 24 hour follow up DWI (fuDWI) and CT (fuCT) ASPECTS.
The mean ASPECTS difference between the two modalities was +0.64
indicating that more ischaemic change is observed on average in DWI
scans. Random jitter has been added to illustrate the number of
measurements at each ASPECTS point. The horizontal lines represent the
mean difference in scores and the mean (SD).

Table 3 Sensitivity and specificity of each individual baseline CT ASPECTS point
compared with the baseline DWI ASPECTS using the median score at each ASPECTS point
of five readers

Individual ASPECTS point Sensitivity 95% CI Specificity 95% CI

Internal capsule 1.00 0.96 to 1.00 0.00 0.00 to 0.37
Caudate nucleus 0.98 0.93 to 0.99 1.00 0.48 to 1.00
Lentiform nucleus 0.92 0.84 to 0.97 0.81 0.54 to 0.96
Insula 0.90 0.79 to 0.97 0.67 0.52 to 0.80
Cortical regions

M1 0.88 0.91 to 0.99 0.97 0.47 to 0.99
M2 0.89 0.79 to 0.96 0.59 0.41 to 0.75
M3 0.94 0.86 to 0.98 0.56 0.31 to 0.78
M4 0.93 0.86 to 0.98 0.44 0.14 to 0.79
M5 0.87 0.73 to 0.95 0.53 0.39 to 0.66
M6 0.97 0.91 to 0.99 0.31 0.14 to 0.52

Table 2 Sensitivity and specificity of baseline CT
ASPECTS compared with the reference test baseline DWI
ASPECTS

Test

DWI ASPECTS

Total.7 (7

CT ASPECTS .7 54 13 67
CT ASPECTS (7 4 29 33

58 42 100

Sensitivity = 54/67 =0.81.
Specificity = 29/33 =0.88.
Positive predictive value = 54/58 =0.93.
Negative predictive value = 29/42 =0.69.
See table 1 for abbreviations.
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agreement between baseline CT ASPECTS and DWI ASPECTS
a review of the Bland–Altman plots suggests the limits of
agreement are approximately 2 units from the mean
difference scores. Neither baseline CT ASPECTS nor DWI
ASPECTS is preferentially scored higher or lower. The
observation that DWI shows similar variability to CT among
experienced observers is widely underappreciated. One
important reason for the variability between CT and DWI
ASPECTS during the early stages of stroke onset relates to the
difficulties of detecting early cerebral infarction, which
appears to be less at 24 hours, as the limits of agreement
appear closer together (fig 2B). This issue is further
emphasised when each individual baseline CT ASPECTS
value is compared with each DWI ASPECTS value by
anatomical locality. Although the sensitivity is high for each
individual CT ASPECTS value the specificity in the cortical
areas (M2–M6) ranges from 40% to 60%. This perhaps
implies that CT is visualising a disease process in addition to
cytotoxic oedema, such as blood flow change, not detectable
by DWI. CT visualises both density change and swelling
whereas DWI mainly visualises signal change, and anatomi-
cal definition of the latter is inferior to that of CT (see fig 3).
Our present data would have supported previous conclu-

sions that DWI is more sensitive than CT in both the anterior
and posterior circulation,11 12 26 but the magnitude of the
superior sensitivity over CT is small within the first six hours.
When the CT scan is normal or near-normal, the DWI scan
may show small discrete evidence of ischaemic change not

seen on CT. In such cases DWI may help confirm the location
of the stroke and the aetiology, for example, in the case of
cardioembolic stroke detecting a ‘‘shower’’ of emboli. This
type of information regarding the location and mechanism of
stroke may be important in preventing further stroke, but the
NINDS tPA Study confirmed that the response to treatment
was independent of stroke aetiology.1 The risk of haemor-
rhage after thrombolytic therapy may be related to large areas
of ischaemic change, but missing a small region of EIC on CT
that might have been demonstrated on DWI may be less
important for the treatment decision because patients with
ASPECTS values of 10 or 9 are more likely to have a good
functional recovery.6

Studies comparing CT and DWI, including those reported
recently,26 used the 1/3 middle cerebral artery (MCA) rule
which broadly categorises stroke size into ‘‘large’’ or ‘‘small’’,
whereas ASPECTS allows the opportunity to quantify
topographical differences between CT and DWI.6 19 The
improved reliability of ASPECTS over the 1/3 MCA rule in
the detection of EIC has been recently contradicted.27 One
study randomised the order in which CT and MRI were
performed.26 In this study, the main outcome was the
presence or absence of stroke signs on either neuroimaging
procedure. The study did not assess the feasibility of
performing urgent MRI in acutely ill stroke patients or
address the clinical impact of DWI.
The two modalities provide complementary information in

terms of the extent of the stroke lesion but there are also
significant differences. DWI is sensitive to areas of ischaemic
brain with restricted diffusibility of water and can detect very
small areas of ischaemic cerebrum. However, controversy still
remains as to whether the DWI lesion represents irreversibly
damaged tissue (that is, the ‘‘core’’). Recent published work
suggests that the DWI lesion includes both core and
penumbra,28 and that an apparent diffusion threshold
(ADC) cannot be determined within the first few hours of
stroke.29 30 This issue is critical if DWI is to be used in patient
selection for thrombolysis. The value of CT in detecting
ischaemic brain injury is supported by this study. Early
parenchymal hypoattenuation seen in CT soon after stroke
have been previously correlated with early cytotoxic oedema,
but our study would also support the hypothesis that
hypoattenuation, particularly observed in the cortical areas
may represent changes in blood flow.
Reliance on MRI as the preferred imaging modality for the

urgent assessment of stroke patients may restrict the use of
the therapy in eligible patients; acutely ill stroke patients
make very poor MRI subjects. This is of even greater
importance in the light that a superior clinical benefit of
DWI over CT in terms of determining prognosis could not be
defined in this study when employing ASPECTS.
Approximately half of patients treated with intravenous tPA
and considered eligible for this study were discovered to have
had an exclusion to MRI during the screening process, or
were unable to complete the scan protocol either because
they were intolerant of the procedure or were considered to
be medically unstable. This observation is consistent with a
smaller study in the literature.24 Overreliance on DWI MRI
may restrict the availability and accessibility of thrombolysis
for acute stroke patients.31

The strong evidence of benefit from intravenous thrombo-
lysis based upon a systematic review (Cochrane) of six
randomised clinical trials2 is heavily time dependent.32 While
CT and MRI provide complementary information in some
respects, time dictates choosing one imaging procedure
before making a therapeutic decision. Both MR and CT are
evolving ultrafast imaging protocols that can provide
supplementary non-invasive angiographic and tissue perfu-
sion data.33 34 Also of importance, gradient echo sequences are

Figure 3 A 59 year old woman presented to her local hospital with
aphasia and right hemiparesis within 45 minutes of symptom onset. A
CT scan was performed urgently of which (A) and (B) are representative.
Early CT ischaemic changes of M1, M2, I, M4, and M5 are seen, an
ASPECTS value of 5. Tissue plasminogen activator was administered
intravenously on the basis of the severe stroke and the absence of
intracerebral haemorrhage on the CT scan. (C) and (D) are
representative slices of the diffusion-weighted image performed an hour
later. The DWI ASPECTS was also 5. She was functionally dependent at
three months.
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available for the detection of haemorrhagic transformation
and ‘‘microbleeds’’ with greater sensitivity than CT.35

However, within current stroke guidelines for thrombolysis
administration, and outside of the current three hour
paradigm both multimodal MR36 or CT imaging (CT
angiography and CT perfusion)37 may show great promise
in refining patient selection but neither technique has yet
been shown to be more efficacious than non-contrast CT.

SUMMARY
Among patients with moderate to severe acute ischaemic
stroke, the ability of CT to detect signs of early cerebral
infarction is comparable with DWI. The decision about which
imaging technology to use in acute stroke will depend on the
feasibility and availability of that modality. Non-contrast CT
is accessible, versatile, and fast, and therefore is a better
choice in the imaging of acute stroke than MRI when
considering thrombolytic therapy. Its use extends beyond
that of identifying intracranial haemorrhage. We emphasise
the importance of clinical assessment of the patient,
supported by a systematic approach (ASPECTS) to assessing
the CT for defining the extent of ischaemic brain injury.

ACKNOWLEDGEMENTS
The authors thank Kathryn Werdal and Andrea Cole-Haskayne for
administrative aid in organising films for review.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

P A Barber, M D Hill, M Eliasziw, A M Demchuk, J H W Pexman,
M E Hudon, A Tomanek, R Frayne, Alastair M Buchan, the
A S P E C T S Study Group, Seaman Family Magnetic Resonance
Research Centre, and the Calgary Stroke Program, Department of
Clinical Neurosciences, University of Calgary, Foothills Medical Centre,
1403-29 St NW, Calgary, AB, Canada

The study was supported by the Alberta Foundation for Health Research.

Dr Barber was supported by the Canadian Institute of Health Research,
Heart and Stroke Foundation of Canada, and Alberta Heritage
Foundation for Medical Research; Dr Hill was supported by the Heart
and Stroke Foundation of Alberta, NWT, Nunavut and the Canadian
Institutes for Health Research; Dr Demchuk was supported by Alberta
Heritage Foundation for Medical Research, Canadian Institute of Health
Research; Dr Eliasziw was supported by Alberta Heritage Foundation for
Medical Research; Dr Tomanek was supported by Alberta Heritage
Foundation for Medical Research; Dr Frayne was supported by Heart
and Stroke Foundation of Canada and Alberta Heritage Foundation for
Medical Research; Dr Buchan was supported by the Heart and Stroke
Foundation of Canada, and Alberta Heritage Foundation for Medical
Research

Competing interests: none declared

REFERENCES
1 The National Institute of Neurological Disorders and Stroke rt-PA Stroke

Study Group. Tissue plasminogen activator for acute ischemic stroke. The
National Institute of Neurological Disorders and Stroke rt-PA Stroke Study
Group. New Engl J Med 1995;333:1581–7.

2 Wardlaw JM, del Zoppo G, Yamaguchi T. Thrombolysis for acute ischaemic
stroke. Cochrane Database Syst Rev, 2000;CD000213.

3 Hacke W, Donnan G, Fieschi C, et al. Association of outcome with early stroke
treatment: pooled analysis of ATLANTIS, ECASS, and NINDS rt-PA stroke
trials. Lancet 2004;363:768–74.

4 von Kummer R, Allen KL, Holle R, et al. Acute stroke: usefulness of early CT
findings before thrombolytic therapy. Radiology 1997;205:327–33.

5 von Kummer R. Acute stroke: how to improve CT detection and avoid errors in
radiology. Radiology 2000;216:920–2.

6 Barber PA, Demchuk AM, Zhang J, et al. Validity and reliability of a
quantitative computed tomography score in predicting outcome of hyperacute
stroke before thrombolytic therapy. ASPECTS Study Group. Alberta Stroke
Programme Early CT Score. Lancet 2000;355:1670–4.

7 Lansberg MG, Albers GW, Beaulieu C, et al. Comparison of diffusion-
weighted MRI and CT in acute stroke. Neurology 2000;54:1557–61.

8 Barber PA, Darby DG, Desmond PM, et al. Identification of major ischemic
change. Diffusion-weighted imaging versus computed tomography. Stroke
1999;30:2059–65.

9 Gonzalez RG, Schaefer PW, Buonanno FS, et al. Diffusion-weighted MR
imaging: diagnostic accuracy in patients imaged within 6 hours of stroke
symptom onset. Radiology 1999;210:155–62.

10 Fisher M, Albers GW. Applications of diffusion-perfusion magnetic resonance
imaging in acute ischemic stroke. Neurology 1999;52:1750–6.

11 Prichard JW, Grossman RI. New reasons for early use of MRI in stroke.
Neurology 1999;52:1733–6.

12 Hacke W, Warach S. Diffusion-weighted MRI as an evolving standard of care
in acute stroke. Neurology 2000;54:1548–9.

13 Powers WJ, Zivin J. Magnetic resonance imaging in acute stroke: not ready
for prime time. Neurology 1998;50:842–3.

14 Keir SL, Wardlaw JM. Systematic review of diffusion and perfusion imaging in
acute ischemic stroke. Stroke 2000;31:2723–31.

15 Powers WJ. Testing a test: a report card for DWI in acute stroke. Neurology
2000;54:1549–51.

16 Barber PA, Demchuk AM, Hill MD, et al. The probability of middle cerebral
artery MRA flow signal abnormality with quantified CT ischaemic change:
targets for future therapeutic studies. J Neurol Neurosurg Psychiatry
2004;75:1426–30.

17 Coutts SB, Barber PA, Demchuk AM, et al. Mild neurological symptoms
despite middle cerebral artery occlusion. Stroke 2004;35:469–71.

18 Frayne R, Goodyear BG, Dickhoff P, et al. Magnetic resonance imaging at 3.
0 Tesla: challenges and advantages in clinical neurological imaging, Invest
Radiol 2003;38:385–402.

19 Pexman JH, Barber PA, Hill MD, et al. Use of the Alberta Stroke Program
Early CT Score (ASPECTS) for assessing CT scans in patients with acute stroke.
AJNR Am J Neuroradiol 2001;22:1534–42.

20 Fleiss JL. Statistical Methods for Rates and Proportions. New York: John Wiley
and Sons, 1981:218.

21 Eliasziw M, Young SL, Woodbury MG, et al. Statistical methodology for the
concurrent assessment of interrater and intrarater reliability: using goniometric
measurements as an example. Phys Ther 1994;74:777–88.

22 Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986;1:307–10.

23 Hill MD, Barber PA, Demchuk AM, et al. Acute intravenous–intra-arterial
revascularization therapy for severe ischemic stroke. Stroke
2002;33:279–82.

24 Schramm P, Schellinger PD, Klotz E, et al. Comparison of perfusion computed
tomography and computed tomography angiography source images with
perfusion-weighted imaging and diffusion-weighted imaging in patients with
acute stroke of less than 6 hours’ duration. Stroke 2004;35:1652–8.

25 Coutts SB, Simon JE, Tomanek AI, Barber et al. Reliability of assessing
percentage of diffusion-perfusion mismatch. Stroke 2003;35:469–71.

26 Fiebach JB, Schellinger PD, Jansen O, et al. CT and diffusion-weighted MR
imaging in randomized order: diffusion-weighted imaging results in higher
accuracy and lower interrater variability in the diagnosis of hyperacute
ischemic stroke. Stroke 2002;33:2206–10.

27 Mak HK, Yau KK, Khong PL, et al. Hypodensity of .1/3 middle cerebral
artery territory versus Alberta Stroke Programme Early CT Score (ASPECTS):
comparison of two methods of quantitative evaluation of early CT changes in
hyperacute ischemic stroke in the community setting. Stroke 2003;34:1194–6.

28 Guadegno JV, Warburton EA, Aigbirhio FI, et al. Does the acute diffusion-
weighted imaging lesion represent penumbra as well as core? A combined
quantitative PET/MRI voxel-based study. J Cereb Blood Flow Metabol
2004;24:1249–54.

29 Fiehler J, von Bezold M, Kucinski T, et al. Cerebral blood flow predicts lesion
growth in acute stroke patients. Stroke 2002;33:2421–5.

30 Kidwell CS, Saver JL, Mattiello J, et al. Thrombolytic reversal of acute human
cerebral ischemic injury shown by diffusion/perfusion magnetic resonance
imaging. Ann Neurol 2000;47:462–9.

31 Hankey GJ, Warlow CP. Treatment and secondary prevention of stroke:
evidence, costs, and effects on individuals and populations. Lancet
1999;354:1457–63.

32 Marler JR, Tilley BC, Lu M, et al. Early stroke treatment associated with better
outcome: the NINDS rt-PA stroke study. Neurology 2000;55:1649–55.

33 Zimmerman RD. Stroke wars: episode IV CT strikes back. AJNR
Am J Neuroradiol 2004;25:1304–9.

34 Wintermark M, Smith WS, Ko NU, et al. Dynamic perfusion CT: optimizing
the temporal resolution and contrast volume for calculation of perfusion CT
parameters in stroke patients. AJNR Am J Neuroradiol 2004;25:720–9.

35 Kidwell CS, Chalela JA, Saver JL, et al. Comparison of MRI and CT for
detection of acute intracerebral hemorrhage. JAMA 2004;292:1823–30.

36 Carroll TJ, Teneggi V, Jobin M, et al. Absolute quantification of cerebral blood
flow with magnetic resonance, reproducibility of the method, and comparison
with H2O positron emission tomography. J Cereb Blood Flow Metab
2002;22:1149–56.

37 Wintermark M, Reichhart M, Thiran JP, et al. Prognostic accuracy of cerebral
blood flow measurement by perfusion computed tomography, at the time of
emergency room admission, in acute stroke patients. Ann Neurol
2002;51:417–32.

Comparison of CT and DWI in acute ischaemic stroke 1533

www.jnnp.com

http://jnnp.bmj.com

